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1Taras Shevhenko National University of Kyiv, Glushkova ave., 4, 03127, Kyiv, Ukraine
2Main Astronomial Observatory of the National Aademy of Sienes of Ukraine, Zabolotnoho 27, 03680, Kyiv, UkraineIn this paper we present results of linear polarization modelling for HD189733 in the U �lter using the MonteCarlo method. Our simulations are based on the well known e�et that linear polarization of a entrosymmetriunresolved star beomes non-zero during the planet transit or in the presene of spots on its surfae. HD189733is urrently the brightest (mV = 7.67

m) known star to harbour a transiting exoplanet. This fat, along with theshort orbital period (2.2 d), makes it very suitable for di�erent types of observations inluding polarimetry. Sinewe are interested in oultation e�ets, a very important parameter is the ratio of the planet to star radii, whih isalso very large (0.15). As the host star is ative and spots may over up to 1% of the planetary surfae, we performour simulations for di�erent spot parameters suh as sizes, loations on the stellar disk, and temperatures.Key words: polarization, HD189733, methods: numerial; planetary systemintrodutionMore than 700 exoplanets have been disovered todate and substantial e�orts are taken to determinethe harateristis of these objets.There are several suessful methods for detetingand studying exoplanets suh as the radial veloitytehnique, transit photometry, mirolensing and soon. All of them have their pros and ons, whihjusti�es the development of other tehniques. Todetet the polarization of the very weak �ux thatomes from exoplanets, the polarimeter must be ex-eedingly sensitive. Aording to theoretial predi-tions, the polarimeter sensitivity should be at least
10−6 [9℄ to enable the detetion of the polarizationfrom the planetary atmosphere.In 2008 Berdyugina et al. [1℄ reported on the pos-sible detetion of polarized sattered light in plane-tary atmosphere HD189733b. They performed po-larimetri measurements of the orbital period in theB �lter, and obtained two polarization maxima nearelongation with an amplitude of ∼ 2 × 10−4. How-ever, Luas et al. [8℄ onsidered this value to betoo high for the planet and proposed that it ouldalso be explained by the stellar ativity. In 2011Berdyugina et al. [2℄ on�rmed these results andshowed that polarization from the spots an reahup to ∼ 3 × 10−6 and that the variations of lin-ear polarization obtained from observations annotbe explained by spots. In all these papers the en-tire phase urve was analysed, but linear polariza-tion arising during the planetary transit were not

taken into aount. Kostogryz et al. [6℄ obtainedlinear polarization (Stokes parameters Q and U) forHD189733 that appears during the planetary transitusing the Chandrasekhar's data [4℄, whih is similarin magnitude to the Berdyugina et al. [1℄ results. Inthis study we present the results of modelling the po-larization resulting from the planetary transits andstellar spots in the system HD189733, using the solarpolarization [10℄.the method of alulationsThis method was thoroughly desribed by Car-io� & Magalhães [3℄, Kostogryz et al. [6℄ and Kos-togryz et al. [7℄. Here we brie�y summarise only themain points of the simulations.For a given set of parameters (e. g., planetary-to-star radii ratio, semi-major axes and position onthe stellar disk) desribing on�guration of the star-planet system, the following proedure was adopted.Eah photon paket (PP), emitted from a randomlyseleted point on the stellar surfae towards the ob-server, is determined by the weight:
εi =

f(µ)L∗

N
,where L∗ is the luminosity of the star, N is the num-ber of iterations, and f(µ) is a limb darkening law[5℄, whih depends on the wavelength, spetral type,surfae gravity, and metalliity.The weight indiates the radiation emanatingfrom the star and reahing the observer. In addi-
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Qi = εiP (µ) cos(2ϕ),

Ui = −εiP (µ) sin(2ϕ),where P (µ) is the entre-limb ontinuum linear po-larization alulated in [10℄.For PP emitted in the hemisphere opposite tothe observer the weight is equal to zero. On theother hand, when PP is emitted from the visiblehemisphere, we an determine whether its trajetoryrosses the planet or the spot. The latter ones absorbthe photon paket and it is given a zero weight.After N iterations the �ux and Stokes parametersan be found from the following formulae:
Fψ =

∑

N

εi, qψ =

∑
N

Qi

Fψ
, uψ =

∑
N

Ui

Fψ
,where the index ψ indiates the position of theplanet. F , q and u are alulated using time intervalsfor di�erent positions of the planet.Assuming di�erent parameters of the spots suhas temperature, size and oordinates, we evaluatedthe �ux and polarization variations resulting fromstellar ativity.results and onlusionsWe present the results of Monte-Carlo simulationsof �ux and linear polarization due to a planetarytransit and the presene of spots on the stellar sur-fae.Figure 1 shows the �ux, Stokes parameters (Qand U) and polarization degree in the U band. Itshould be mentioned that in [6℄ similar simulationsfor a planetary transit are desribed, but their resultsdi�er from those obtained here due to the di�erenesin the entre-to-limb stellar polarization and �ltersadopted. Kostogryz et al. [6℄ used Chandrasekhar'sentre-to-limb polarization [4℄ and limb darkeninglaw for B �lter as it was shown there that 3D mod-elling of the solar polarization [10℄ is not very suit-able for late spetral type stars. On the other hand,

Chandrasekhar's data are inappropriate for ool late-type star as well. In this paper, we use the solar po-larization [10℄ for our simulations as any other alu-lations of entre-to-limb polarization for ooler starsdoes not exist. Therefore, the next step of our studyshould be the simulation of the entre-to-limb polar-ization for ooler atmospheres.As it was shown in [11℄, HD189733 is an ativestar and spots an over up to 1% of the stellar sur-fae. Figs. 2-8 show the same parameters as in Fig. 1but for di�erent positions of starspots.The largest value of the polarization degree isfound for the ase when only one spot is presentovering an area of about 1% of the stellar surfae.When this 1% area is divided into 10 spots, the po-larization beomes very small.We thus show that the in�uene of spots onthe total polarization for HD189733 is too small asompared to that resulting from the planet transit,
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Fig. 1: Modelling planettransit in U band withoutspots.
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Fig. 2: Modelling planettransit in U band with 1spot at latitude from -20◦to -50◦.
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Fig. 3: Modelling planettransit in U band with 10spots at latitude from -20◦to -50◦.
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Fig. 4: Modelling planettransit in U band with 1spot at latitude from 20◦ to50◦.
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Fig. 5: Modelling planettransit in U band with 10spots at latitude from 20◦to 50◦.
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Fig. 6: Modelling planettransit in U band with 10spots at latitude from -50◦to 50◦.
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Fig. 7: Modelling planettransit in U band with 10spots at latitude from -20◦to -50◦ and from 20◦ to 50◦during period of the star.
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Fig. 8: Modelling planettransit in U band with 10spots at latitude from -50◦to 50◦ during period of thestar.148


